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(54) BACULOVIRUS CONTAINING MINIMAL CMV PROMOTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To drive the expression of a glycoprotein in a baculovirus in an 
early stage. 

SOLUTION: A baculovirus is provided containing a genomic DNA molecule containing a CMV 
promoter sequence and a sequence encoding an RNA, wherein the expression of the RNA is 
driven by the CMV promoter sequence, wherein the CMV promoter sequence contains 
sequence 1 in the specification or a functionally equivalent one. 
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tagaagctttattgcggtagtttatcacagttaaattgctaacgcagtcag 

(EJ'JS^ : 1 ) 
[0 0 0 7] ^CMV^d^ fi-frbWmZtlZm [0 0 0 8] 

^J: [fb2] 
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ttggccattgcatacgttgtatctatatcataatatgtacatttatattggctcatgtcc 
aatatgaccgccatgttggcattgattattgactagttattaatagtaatcaattacggg 
gtcattagttcatagcccatatatggagttccgcgttacataacttacggtaaatggccc 
gcctggctgaccgcccaacgacccccgcccattgacgtcaataatgacgtatgttcccat 
agtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgc 
ccacttggcagtacatcaagtgtatcatatgccaagtccgccccctattgacgtcaatga 
cggtaaatggcccgcctggcattatgcccagtacatgaccttacgggactttcctacttg 
gcagtacatctacgtattagtcatcgctattaccatggtgatgcggttttggcagtacac 
caatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgt 
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en. Virol 73: 1481-1489, 1992; Vlakb, Virology 1 
79 : 312-320, 1990 \RXf Weyer6, J. Gen. Virol 7 
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Gossen^, Proc.Natl. Acad. Sci. USA 89 : 5547—555 
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cmL/^; K^o;u>>7x7- if ^ — y^E£iJ 
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-f^^gPTRE-CMVm i n^n^-^-« 
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[0018] ~7y * ^ Kp AP c L, pAPlOL, p 
APcmL, WpAPtcmLCvAcRP23. L 
acZ (PharMingen) h 7 V* y =c t 
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ct in (Li f e- Technologies) £r/fj 
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11, ifCMV^D^-^- CMVm i n^P^e-^ 
— % TRE —CMVm i n^^^, Rf/p L 0/ 
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Zilt><D$<<{/\'X<D&A$:v APc L, vAPcmL, 
vAPtcmL, MvAPlOL^^to pAP 
t cmE^pAPl OE^7^; KIC v A c R P 2 
3. L a c ZZmmty^X?*? TRE-C 
MVm i nT'p^- £ — RXfp 1 0 T'p ^E— ff— <Q&1%) 
TIC E G F P &fc^££tf £ Cfcm&X /i"* 
v AP t cmE&tfv AP 1 0E££^tt*: o pAPl 
OT(CvAcRP23. L a c Z £|5]B$ h V 
hU p 1 O^P^- ^-(DOTTIC t TAjg^-^ 
tf±t:fcm&;i^/u*£vAP 1 OT££<5tf7c„ C 

U ^&U^>:7a:7-i?(DfiF&, EGFP, Xtet 

[0 0 19] S f 2 1&J& (2X10 5 ) £PBS-C2 

ftv\ ***t$i*iBh loomMyy^y^A ( p h 

7. 8) , 0. 2%Tr iton X - 1 0 0. RV2 
m&-*/l>*y Y^* S-^Z'&tsWmWL (3 00// 
1) +fc8#Lfco ^OJWSa^^-^-h (50mI) 
2 5mMy^fi6fi®» ( P H7. 8) x 4mM EGT 
A, 1 5mM MgS0 4> lioM^f t h W h-/K & 
tfO. 2mM ATP«r^tfS«?««« (1 8 0/i 1) t 
V^^-<- V Lfc 0 5 0m 1^0. 2raM 

/^xyy (P r ome g a) &ifc£:g»£AU tt 
*tttft¥tt (RLV/10&) /^/^-^- (B 
erthold. Lunat LB9501) £/8l^T 
SKLfc. 3 0<oaAL^II»<O3|Hlfittry 

[0020] Cy to Fluor 2300X235 
0MJ)l^fA (Mi 1 1 i p o r e ) £ffll^T*T 
BttEGFP$3t«rJ£»Lfc. Sf 21» (2X10 
5 ) SrPBSa««T2@, ^SHSBSm 10 

OmMy V^y^^ (pH7. 8) , 0. 2% Trit 
on X-l 00, M2mM % - } fr*-? Yx-9 J — 

**<atfi&ffim (3oom i) ti^iULfc. mm-i 

tT- h (50m 1 ) 4 8 5/2 0nmSfi7-f/U^- 
^0«5 3 0/2 5niDiScW7^^-«r«|^fcCy t o 
F I u o r z/u— hy-y-£r/?H>TEGFP:lbfc#4t£J 
HUIC9 6?:n/V:/U— h (Falcon) tC&Lfco C 
yto Fluor 2 3 0 0 / 2 3 5 0 ^feM^* 
fAfi 0. 1-1 00m g/nlOflfiiaiCib fcoTiEIg 
WIC, EGFP«*«rgtt5rt^-e#fc 0 
3lsI<Z)aiCLfcHR«)3lHlfifflrytr>fd»e>, ¥^EG 
F P^MM^Wt lt/o y h Lfco 
10 0 2 1} ^A/-/ayv'^^y^<DrztbkZ x *y 
/^K£l 2%SDS/PAGE(C<fc 9#SlU 
ype rbond C8£[ (Am e r sham) L 

-^-fc^tfT r i sfiStSSStt (TTBS ; 1 0 OroM 
T r i s (pH7. 4) % 1 0 OmM N a C \ % 



0. 2% Tween-20) ^oy^U, 
©R«r4t:-e-ft, TTBS4»-?-&#i;tt ({i>^7s 
9— tffitft ((Cortex Biochem) Xttfii 
EGFP^ (ClonTech) C0l/vftlri>) 

'fy^-at ^i^y-hs 

it)t-fe-r 3^yf-^yu^-^ri/y— ^ (HRP) 

m\zm^ scMtiw, v*^- nut. h 

RP£\ »a&7cfcJ:D«&fta:/n h^/Kcftot, t§ 
*fcfc¥»3fe*y h (ECL ; Ame r s h a m) K<fc 

[002 21 ±»O^WS:fiJffli-5S«Be*ttfcOJi9 

fe5pTRE-Luc (ClonTech) ^ 

XttpTe t-Of f (ClonTech) bW*&K> 

•£TS f 2 l»BJiatCh7V^7^^ Kfc, pTRE- 
Lucf*. TRE-CMVm i nT'n^- IC^SE 

®j£ft£/^v'7;n7-1f;i~7^ pT 

et-offli MCMvyo^- *-i;:J;9^gb£ 
ft£ t TA^-^^^^^c^r^tfo W*W«*«J<ora 
I^F7^7x^V3y{j:, pTRE-Lucl^h 

7^7x^v 3 ^icjt^t *>r t 

*-*-»tettS f 2 liBBfirt-e tTA£tf^tt}rfctf> 

[0 0 2 3] S f 2 1 »K:fc^T V jK— r ^ ^ifi£ 
^ r £ iCfc^TT R E S £*i]/fl1-Sfc«> 
lc v *?U^9*S Kp AP 1 OT£r±»<0»fJftsfil, 
tpTe t-Of f IC^Ufco iftCMV^B*-^ 
-£>;fl>;b9iC, p 1 Oz/p^— ff — (Vlak^K Virology 
179 : 312-320, 1990 ; Weyerb, J. Gen Virol 
71 : 1525-2534, 1990) t T A£iE$j Lfc 0 

[0 0 2 4] iiflnHkOpTRE-Lu c DNACD^Sr 

p AP 1 0TMW^pTRE-Lu c <b*(C 

&£*lfc 0 pAPlOTWpTRE-Luc^Wh 

TRE-Luc h7y^7^^^3>co^«i:lt-<"Cl 6 
OfftS^ofco 

[00 2 5] EkftHS&fiO t TAlCi "9 h^^T^x 

OOUg/nl-CW^lCftofc. Cixb^ll^tt, T 
RES^WKROWiPJttS f 2 lttjfifc:fctvt««>TH 
S5W^-C3b6o 2OOTRESMWAcMNPV(0 

IC X pAPlOT^tS]^ ±»Wiif), AcMNPV 



lc}$ALfco aM^^vAPlOTSrftlC^o 
fc e /l->7x7-«^, tTA»^^vA 
P lOTOpTRE-Lu cCO^B$$&lc£oT#J85[ 
Lit. mhXZftmfflt. vAP10T£0. l<Om. 
o. i. V$9ki!Vtzmm&£tl1Z Q (m. 
o. i . =0. 0 1) 3m<fc9$5^ (m. o. i . = 

i) vj*x®mvwiz^i'y~7-vf£&(DU<j> 

[002 6] &h&thtcfi$mt)£. 9 1 0 . 

2m g/|)x;K^)8S"CpTRE-Lu c^l/^:,!: 
^cfcoTSfg^tlfCo pTRE-LucOF7^7i 
?f3>RXf#l<DvAf> 1 OTcD^&tC^^xbtl* 

[0 0 2 7] ^TRE-CMVm i n^P^t-^^ 
±5#CDi§9^*^P ^-f^*^-^* — p AcUM2 
KCjfALX p AP t cmLMIM^/l/^vAP 

t cmLfcfl^lUU ^m^fozt^ Ufr 

7,(CjfALfc^, ^^^3:7-"^^, vAPlOT-CW 

1\ v AP t cmLt^b(D^yy^v— if 

[00 28] TRE-CMVmin^D^^-^tr) 
/V* * "C CO 4^ *y 7 7 -if %^<D * # =. Xi* £ 

ftM* t TAjpJ»ftL-C/^>7*7— ^fflfi^Srffittfk 

vyp^e-^- (pAPcLW s AcMNPVCOpJ^ 
_0:/p*~*- (p AP 1 0 Lft) , CMVm i nT'n 
*— (pAP t cmLW Xhitz 0 ±X(DJ , v* 

Ac mnp v<D#y t k y ^ise^i-Bffi-r 

ZWmyjy* is h*$tf77X$ KtfcipAcUW 
2 lClfAtt Cftb4o<0«j8*JCto;i*C, pTR 
E-Luc (ClonTech) LTffll^ 0 
[0029] pAPcLttF7^7i^i/ 3 yW 
l^tt^A c MN P V<Dm&ff&%:(D\,^i*tiMc£ 9 
*-f£l££^£4ri>ofc 0 »2 0»*«iffc5pA 

Zfrfrifto rtltt. p 1 Q^p^- g — fAffeco^^/j, 

Ji^tfci, &3&0^4cof$/£^T*£>5p APcmL 
MpAP t cmLte, h7 V*7:c^ htm 



[0 0 3 0] ifCMV, TRE— CMVm i n, CM 
Vmi n, Rt/p 1 0:/P*~»-fc^trfSj»^*~ 
^7^; KSrJB^Tiia&xAcMNPV : v A P c L , 
vAPtcmL, vAPcmL, MvAPlOLiS:* 
*ft*Lfc. *4a7n*-*-*Stra£LTiWB£ 

lOOm. o. i. tiM7 2^iCr^ h tfc„ £ 
§fl~C 3 OC0 v A P c L sO/l^7x 7 -if 
1. 6-2. 0X10 4 RLV//ig^W^SO{5i 

n»>r/^<oftttttS5^ofc 0 4»-C3oolftMvA 
P t cmL^i/7x7- tf?£t£j*3. 5 — 3. 7X1 
0 6 RLV/11 V^^KcOgfiS-CfcoTto £g&TM 
O^MvAPlOTIi, 6. 5-7. 7X10 6 R 

ft, ±ftCMV7 p P* — *—eDiSttl* % CMVmi n/ 

[0 0 3 1 ] CMVm i n/n^-^-§|^;^ 
12, /U^7x5- tf?£tt£, p 1 pyp^-^Hq^) 

*a*^t>«>^iSv^^</u*-eR*Lfc. Hie, -*l 

bco^tt, CMVm i n:/n*— #^"f«SVY7 f p 

^yi^iMilfe©^ oft>lz:iK&H4i"r. £ $r^*i-^o 
tot, ^^o^^-MW^io«M!) 

[0032] *4«^nqe-^-«r#-t-*|ftUl*.i>^/i/ 

CMVm i nyp^e~^-$r^tfjm^X!>-r/^cO 
fltltfttt4«in^ *40(CttULfc (^/7x7- tfcOfc 
fcllvAPtcmLWvAPcmL, &W:EGFP 
(Dtz£>\Zv AP cmE) . d ft o CD ? ^/W* 7 3: 

ft«4 8B*ra&l/3 6B$raic££*Wl£SLfc. £&C 
MV/d^-^^;^vAPc LlivAPt 
cmLWvAPcmL^/^<t^2 0 Of&'X/U' 
^7317— tf^^^L. Ccorirlt, MCMV^a^e 
— ^ -liA c MN P vcoy / Art-CSSt *«MB L***44 

[0 0 3 3] p 1 pyp^-^-^^O^XL^^/^ 
vAPlOLU KtftlcEttLfci>-</^i»45*tt 
$rLfco p loyp^^-^UM^^>7 
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* 7— t?»tf E G F P©»tt«:«ite& 8 BSRmc&tt U 

/Wi/^^-lf&t/EGFPfSteteCMVm i n^o^e 

7xy-f) JUM6« (EGFP) K^ofc. 

tt, ;ui/7x7- tfXttEGFPSr«ifc«J:»)#.»!Jc* 

[00 3 4] CMVm i n^o*— -MT^/U^lC 

ra^ffl, vAP10L(0t(0j:*)*f^ofc 0 £0>}9IH 
<0Rk CMVmi n -gfl«a* s P 1 0 9 1 

2B$IBk ^<*JIofcIi:^^t, CMVm i n y^n 

[0 0 3 5] $3L*?y • -fny h##rJ± % CMVmi 
nT'n^^-Il^/MvAP cmLMvAP t 

SEQUENCE 

< 1 1 0> 

< 1 2 0> 

< 1 3 0> 

< 1 4 0> 

< 1 4 1 > 

< 1 6 0> 
<2 1 0> 

< 2 1 1 > 

< 2 1 2 > 
<2 1 3> 
<4 0 0> 



*vAPl OLMvAPl OEfrbCD&^ift^ 

2 4^ffliC«S$nfco «Jfe«3 6«Mfflfc, P 1 Ofttt 

CMVmi nyo^-^-il^/^lif^MOif: 

ftf|7 2ttnii: % CMVm i nig®)0%gl<ft p 1 0%fft 
^tC^"T5tt^tt/L'^7^7-if|COl/>T 1 : 1. 9 
&tfEGFPKo^Tl : 3tfeot 
[0 0 3 6] rttbC0H®^|£^li x £<btf>T, M^C 

MV^o^-^-liE^iW^rtXIi/^^D^^^co 

[0 0 3 7] 

L I ST I NG 



Academia Sinica 

Baculovirus containing minimal CMV promotor 
A9 9 6 4 0 0 
J P 2 00 0-0 3 5 6 9 3 
2000-2-8 
2 
1 

1 1 1 
DNA 

cytomega 1 ov i rus 
1 

taggcgtgta cggtgggagg tctatataag cagagctcgt ttagtgaacc gtcagatcac 60 
tagaagcttt attgcggtag tttatcacag ttaaattgct aacgcagtca g 111 
<2 1 0> 2 

< 2 1 1 > 

< 2 1 2 > DNA 

<213> cytomegalovirus 
<4 0 0 > 2 

tcaatattgg ccattagcca tattattcat tggttatata gcataaatca atattggcta 60 
ttggccattg catacgttgt atctatatca taatatgtac atttatattg gctcatgtcc 120 
aatatgaccg ccatgttggc attgattatt gactagttat taatagtaat caattacggg 180 
gtcattagtt catagcccat atatggagtt ccgcgttaca taacttacgg taaatggccc 240 
gcctggctga ccgcccaacg acccccgccc attgacgtca ataatgacgt atgttcccat 300 
agtaacgcca atagggactt tccattgacg tcaatgggtg gagtatttac ggtaaactgc 360 
ccacttggca gtacatcaag tgtatcatat gccaagtccg ccccctattg acgtcaatga 420 
cggtaaatgg cccgcctggc attatgccca gtacatgacc ttacgggact t tec tact tg 480 
gcagtacatc tacgtattag teategctat taccatggtg atgcggtttt ggcagtacac 540 
caatgggcgt ggatagcggt ttgactcacg gggatttcca agtctccacc ecattgaegt 600 
caatgggagt ttgttttggc accaaaatca aegggacttt ccaaaatgtc gtaataaccc 660 
cgccccgttg aegcaaatgg gegg 684 
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[litrj 0 ] 1 2^4^268 (2000. 4. 2 
6) 

[t§jEttftSS«] 00 16 

-^777*^!)^-^ ( Autographs 
cal ifornica ) y*-f A'* (Ac 

MNPVs) £f£Sfc«>lC, ^)V)V^yy^y-^zi 

t vy>mfc*RTjmxm&*&m<oiz#><z>p 1 q^q 

^-Sr^trfEa^^-p AcUW2 1 (Phag 
rMingen) IC:? n-vfbLfc (Roelvink^, J. G 
en. Virol 73: 1481-1489, 1992; Vlak<b, Virology 1 
79 : 312-320, 1990 \RTf Weyer<b> J. Gen. Virol 7 
I: 1525-1534, 1990) 0 g/hCMV (CMVmi n) 
^P^-^MTRE-CMVm i n:/n^— 
Gossen*b, Proc.Natl. Acad. Sci. USA 89 : 5547—555 
I, 1992Kf£®£ft5o CMVminT'p^-^HJC 
MV:/t2^-*-GD+7 5—3 SODffflOfi^^tPo 
T RE — CM Vm i nT/n^-*— ft, CMVm i nT" 



£>4 2-bp T e t 0 5fflJg)7OCPn E'— &-£ts (Goss 

&{fl^+3 O^bl&lh^ K>*-C**tf/^7*9-- £ 
ae^Oa-x-f >^««(Wet&, Mol. Cell biol.7: 
725—737, l989)^CMVm i n^o^e-^-lCj:oT 
mmZtt* TRE-CMVminyo^^^^7 
X;KpTRE-Luc (ClonTech) Hilt 
P AcUW2 UCBUfifcJfAU ~(n7yX\ h'<Dtt 

^ K££* pAPcmLMpAPcmL^^Itt 
^7^;KpAPcmL^2000*lfl2 1 0 
#^CaCC200003 £ LT^*^* h*^T"CChina Cent 
er For Type Culture Col lection (CCTCC) IC^Fffc L?c<, 

Fi^O;Wx7-^3- 
x^^^fia^ ({£©5 0 7-2 1 8 7bpri^<Ot>0\ C 
lonTech) b?7X ^ K p A c UW2 1 ft<D A c 
MN P VDp 1 O^p^" # — CQ^WTiCp A c UW2 

nc^n-wbu K^pAPioL^ 

£^ttfc 0 pTet-Of f a^ffc^CMV^n-^ 
— (&I16 8-6 7 3bp^e>, ClonTech) 
pTRE-Lu 0^611^^7x7- tf=— 

(&^5 0 7-2 1 8 6bp^e>, ClonTe 
ch) <b-^(C, p 1 O^P^e-^-O^'JlCp Ac 
UW2 UCjfAU K^pAPc L<!:£ 
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1. Title of Invention 

BACULOVIRUS CONTAINING MINIMAL CMV PROMOTER 

2. Detailed Description of Invention 

Back ground of the presf nt invention 

The baculoviiuscs aic a family of DNA viruses which primarily infect 
insects of the order Lepidoptcra. Baculovirus genomes are double- 
stranded DNA molecules, generally about 80-230 kb in length. 

Baculoviruses are Able to express large quantities of non-baculovirus 
proteins driven by the endogenous polyhedrin and plO promoters, both of 
which are strongly active during the late stage of the virus life cycle. 
However, for 9onie proteins, expression earlier in the baculovirus life cycle 
may be appropriate and preferred For example, it may be desirable to 
drive expression of a glycoprotein earlier in the virus life cycle since, by the 
late stage of the vims life cycle, post-translational glycosylation is at least 
somewhat impaired. 

Summary of the present Invention 
The invention is based on the discovery that a minimal 
cytomegalovirus (CMV) immcdiatc-eaily promoter can efficiently drive 
expression of a gene in a baculovirus vector. Because the CMV promoter 
is not regulated through the virus life cycle, this discovery allows the 
construction of baculovirus vectors capable of high-level expression of a 
RNA or protein in the early stage, as well as the late stage, of the virus life 
cycle. 

Accordingly, the invention features a baculovirus having a genome 
which includes a CMV promoter sequence and a sequence encoding an 
RNA (e.g.. a non-bacidovirus RNA). The expression of the RNA (e.g., a 
rruWA encoding a non-baculovirus protein) is driven by a minimal CMV 
promoter sequence (e.g., SEQ ID NO:l). Examples of minimal CMV 
promoter sequences include those that are free of SEQ ID NO:2, an 
upstream sequence often included in full-length CMV promoter sequences 
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but absent in minimal CMV promoter sequences. These sequences are 
shown below. 

A CMV minimal promoter sequence: 

taggcgtgtacggtgggaggtctatataagcagagctcgtnagtgaaccgtcagatcac 

tagaagcmangcggtagtnatcacagttaaattgctaacgcagtcag 

(SEQIDNO:!) 

A sequence d eleted from a full length CMV promoter; 

tcaatattggccattagccatattattcattggttatatagcataaatcaatattggcta 

nggccattgcatacgttgtatctatatcataatatgtacattlatattggctcatgtcc 

aatatgaccgccatgttggcartgattattgactagttattaatagtaatcaattacggg 

gtcattagttcatagcccatatatggagttccgcgttacataacnacggraaatggccc 

gcctggctgaccgcccaacgacccccgcccattgacgtcaataatgacgtatgttcccat 

agtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgc 

ccacttggcagtacatcaagtgtatcatatgccaagtccgccccctattgacgtcaatga 

cggtaaatggcccgcctggcattatgcccagtacatgaccttacgggactttcctacttg 

gcagtacatctacgtattagtcatcgctattaccatggtgatgcggttttggcagtacac 

caatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgt 

caatgggagtttgttttggcaccaaaatcaacgggactrtccaaaatgtcgtaataaccc 

cgccccgttgacgcaaatgggcgg (SEQ ID NO:2) 

In the naturally occurring CMV genome, the CMV minimal promoter 
sequence (SEQ ID NO:l) is immediately downstream of the sequence 
deleted from the full length CMV promoter sequence (SEQ ID NO:2). 

When a CMV promoter sequence is said to be free of SEQ ID NO:2, it 
means that the promoter sequence does not contain the complete nucleotide 
sequence of SEQ ID NO:2. Thus, the promoter sequence can contain a 



fragment of SEQ ID NO:2 and still be considered free of SEQ ID NO:2. 
Typically, a suitable CMV promoter sequence in the baculoviruses of the 
invention has a substantial deletion within SEQ ID NO:2 (e.g., at least 25, 
50, 100, or 200 nucleotides deleted). Suitable CMV promoters can even 
contain a single nucleotide deletion of SEQ IDNO:2 and still be considered 
free of SEQ ID NO:2. 

A CMV promoter sequence ia any sequence derived from, but not 
necessarily identical to, a naturally occurring cytomegalovirus which is 
capable of driving RNA transcription in the context of a baculovirus 
genome. A non-baculovirus RNA or protein is any RNA or protein which 
is not encoded by the genome of a naturally occurring baculovirus, although 
a portion of a non-baculovirus RNA or protein can include a baculovinis 
sequence. For example, the non-baculovirus protein can be a fusion 
protein formed from a baculovirus protein and a human protein. The non- 
baculovirus protein can also be a detectable protein, such as luciferase, or 
an insect toxin that can augment the use of a baculovirus as a live 
biopesticide. Detectable proteins can exhibit enzymatic, radioactive, 
chromogenic, fluorescent, or luminescent properties. 

The invention also includes a method of expressing a non-baculovirus 
RNA or protein in an insect cell by infecting the insect cell with a 
baculovirus of the invention. 

The baculoviruses and methods of the invention provide life-cycle 
independent, high level expression of foreign RNAs and proteins (including 
recombinant baculovirus RNAs or proteins which are driven by a minimal 
CMV promoter). For example, an RNA encoding a biopesticide protein 
can be encoded by a sequence in a recombinant baculovirus. This 
baculovirus can then be used to control insect pest populations by .natural 
infection. 

Furthermore, the present invention includes a plasmid comprising a 
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CMV promoter sequence which is free of SEQIDNO: 2, Preferably, said 
CMV promoter comprises SEQ ID NO: I. 

Additionally, the present invention also includes a method of 
expressing a protein in an cell, which comprises transforming the cell with 
the plasmid which is free of SEQ ID NO: 2. Preferably, the method of the 
invention comprises transforming the cell with the plasmid which comprises 
SEQIDNO: 1. 

Other features or advantages of the present invention will be apparent 
from the following detailed description, and also from the claims. 

Detailed Descrip^ nn nf thft Invention 

The invention relates to a new baculovirus containing a minimal CMV 
promoter sequence which drives expression of an RNA or a protein. A 
rrdnimal CMY promoter sequence is a functional CMV promoter that is free 
of SEQ ED NO:2 (see above), which is a sequence deleted from the full 
CMV immediate-early promoter sequence. An example of a ininimal 
promoter sequence is SEQ ID NO:l (see above). 

Standard procedures for cloning baculoviruses having various foreign 
genetic elements are well known in the art. Procedures for introducing 
recombinant baculoviruses into insects or cells thereof are also well known. 
See, e.g., Pfeifer et al, Gene 188:183-190, 1997; and Clem et aL ( J Virol 
68:6759-6762, 1994. 

Without further elaboration, it is believed that one skilled in the art can, 
based on the above disclosure and the description below, utilize the present 
invention to its fullest extent. The following example is to be construed as 
merely illustrative of how one skilled in the ait can practice the invention 
and are not limitative of the remainder of the disclosure in any way. Any 
publications cited in this disclosure are hereby incorporated by reference. 

The experimental procedures and recombinant plasmids and viruses 
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used in the description below are first discussed. 

To generate recombinant Autographa californica multiple nuclear 
polyhidrosis viruses (AcMNPVs). DNA encoding firefly luciferase and 
various promoters were cloned into the transfer vector pAcUW21 
(PhaqrMingen) which contains a complete polyhedrin gene and a plO 
promoter for foreign gene expression (Roelvink et al M J Gen Virol 73:1481- 
1489, 1992; Vlak et al., Virology 179:312-320, 1990; and Weyer et el, J 
Gen Virol 71:15254534, 1990). The minimal CMV (CMVmin) promoter 
and TRE-CMVmin promoter are described in Gossen et al., Proc Natl Acad 
Sci USA 89:5547-5551, 1992. The CMVmin promoter encompasses the 
sequence between +75 and -53 of the CMV promoter. The TRE-CMVmin 
promoter contains seven copies of the 42-bp tetO sequence derived from 
operator 02 of TnJO fused to the CMVmin promoter (Gossen ct alk, supra). 
The coding region of a luciferase gene, encompassing +30 of the 
transcription start site to the stop codon of firefly luciferase gene (Wet et al, 
Mol Cell biol 7:725-737, 1987), was driven by a CMVmin promoter. A 
TRE-CMVmin promoter was derived from plasmid pTRE-Luc (ClonTech) 
and separately inserted into pAcUW21 to replace the plO promoter 
originally located in this plasmid. The resulting plasmids were named 
pAPcmL and pAPtcmL, respectively. The plasmid pAPcmL was 
deposited with China Center For Type Culture Collection (CCTCC) under 

the Budpest Treaty under accession number .on . 

The luciferase ooding sequence from the pTRE-Luc plasmid (from position 
507 to 2187 bp, ClonTech) was also cloned into pAcUW2l under the 
control of the plO promoter of AcMNPV in the plasmid pAcUW21, and the 
resulting plasmid was named pAPlOL. The full-length CMV promoter 
derived from pTet-Off (from position 68 to 673 bp, ClonTech) together 
with the luciferase coding region derived from pTRE-Luc (from position 
507 to 2187 bp, ClonTech), were inserted into pAcUW21 in replace of the 
plO promoter, and the resulting plasmid was named pAPcL. 

The coding region of the bransactivator protein tTA from plasmid pTct- 
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Off (ClonTech) was cloned into pAcUW21 under control of the pW 
promoter, and the resulting plasmid was named pAPlOT. The coding 
sequence of the enhanced green fluorescent protein (EGFP) from the 
pEGFP-i plasmid (ClonTecb) was cloned into pAcUW2i and placed under 
the control of the plO promoter, and the resulting plasmid was named 
pAPlOE. The luciferase coding sequence in the pAPtcmL plasmid was 
replaced with the EGFP coding sequence, and the resulting construct, in 
which the EGFP coding region was placed under the control of TRE- 
CM Vmin promoter, was named pAPtcmE. 

Plasmids pAPcL, pAPlOL, pAPcmL, and pAPtcmL were cotransfcctcd 
with vAcRP23.LacZ (PhaiMingen), a linearized genomic DNA of 
AcMNPV. into Sf21 cells using Lipofectin (Life Technologies). The 
resultant recombinant viruses contained a luciferase gene under the control 
of a full-length CMV promoter, a CMVmin promoter, a TRE-CMVmin 
promoter, and a plO promoter. Each of these viruses were named vAPcL, 
vAPcml, vAPtcinL, and vAPlOL, respectively. The pAPtcmE and 
pAPlOE plasmids were cotransfcctcd with vAcRP23.LacZ. The resultant 
recombinant viruses containing the EGFP gene under the control of the 
TRE-CMVmin promoter and the plO promoter were named vAPtcmE and 
vAPlOE, respectively. The pAPlOT was cotransfected with 
vAcRP23.Lacz, and the resultant recombinant virus containing the tTA 
gene under control of the plO promoter was named vAP 10T. All of these 
recombinant viruses were purified by three rounds of end point dilution and 
identified both by the presence of occlusions and luciferase, EGFP, or tTA 
expression. 

Sf21 cells (2 x 10 5 ) were washed twice with PBS and lysed for the 
indicated time in buffer (300 u.1) containing 100 mM potassium phosphate 
(pH 7.8), 0.2% Triton X-100. and 2 mM >5-mercaptocthanoL The cell 
lysatc (50 \x\) was incubated with reaction butler (180 jd) containing 25 
mM phosphate buffer (pH 7.8), 4 mM EGTA, 15 mM MgS0 4 , 1 mM 



dithiothreitol, and 0.2 mM ATP. Afterwards, 50 ul of 0.2 mM lucifcrin 
(Prornega) solution was auto-injected, and relative light units (RLU/10 
seconds) were measured using a luminomcter (Berthold, Lumat LB 9501). 
The results were plotted as the average luciferase activities versus lime of 
infection from triplicate assays of three independent experiments. 

A CytoFluor 2300/2350 fluorescence measurement system (Millipore) 
was used to quantify soluble EGFP fluorescence. Sf21 cells (2 x 10 5 ) 
were twice washed with PBS buffer and lysed for the indicated times in 
buffer (300 \x\) containing 100 mM potassium phosphate (pH 7,8), 0.2% 
Triton X-100, and 2 mM ^mercaptocthanol. Cell lysates (50 /d) were 
transferred to 96-well plates (Falcon) prior to EGFP fluorescence detection 
using a CytoFluor plate reader equipped with a 485/20 run excitation filter 
and a 530/25 run emission filter. The CytoFluor 2300/2350 fluorescence 
measurement system could quantify EGFP fluorescence linearly over a 
range of 0.1 to 100 //g/mL The results were plotted as the average EGFP 
fluorescence versus time after infection, from triplicate assays of three 
independent experiments. 

• For immunoblotting analysis, proteins were fractionated by 12°/o 
SDS/PAGE and then transferred to a Hypeibond C membrane (Amersham). 
The membrane was blocked with Tris-buffer saline (TTBS; 100 mM Tris 
(pH 7,4), 100 mM NaCl, and 0.2% Tween-20) containing 3% non-dairy 
creamer at room temperature for one hour. The membrane was then 
incubated with primary antibody (either anti-luciferase antibody [Cortex 
Biochem] or anti-EGPF antibody [ClonTech]) in TTBS overnight at 4 °C, 
Horseradish peroxidase (HRP) - conjugated secondary antibody was then 
added to the membrane, which was then incubated for one hour at room 
temperature. HRP was detected by an enhanced cherru luminescence kit 
(ECL; Amersham) following the protocol provided by the manufacturer. 

The experimental results utilizing the above procedures were as 
follows. 
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pTRE-Luc (CionTech), one of the. two regulatory components of TRES, 
was transfected alone or in combination with pTet-Off (CionTech) into 
Sf21 cells. pTRE-Luc contains a luciferase coding region driven by the 
TRE-CMVwin promoter, and pTet-Oflf contains a tTA coding region which 
is driven by the full-length CMV promoter. Although the cotransfection 
of both components showed a slight enhancement of activity comparing to 
the transfection of pTRE-Luc alone, levels of stimulation were low. The 
luciferasc activity in each experiment using the plasmids immediately above 
were extremely weak. These results showed that the promoter activity of 
full-length CMV promoter is extremely weak for producing tTA in Sf2l 
cells. 

To utilize TRES in measuring reporting gene function in SfZl cells, a 
new plasmid pAPlOT was constructed as described above to replace pTct- 
Off. Instead of the full-length CMV promoter, a p!0 promoter (Vlak et al. f 
Virology 179:312-320, 1990; and Weyer et al, J Gen Virol 71:1525-2534, 
1990) was used to drive tTA. 

When increasing amounts of pTRE-Luc DNA alone were transfected 
into cells, luciferase activity was barely detectable. However, when 
various concentrations of pAPlOT were cotransfected with increasing 
concentrations of pTRE-Luc, luciferase activity was significantly enhanced. 
With cotransfection of pAPlOT and pTRE-Luc, the stimulation of 
luciferase activity tvos as high as 160-fold compared with pTRE-Luc 
transfection alone. 

Luciferase activity trans activated by tTA in insect cells may have been 
suppressed by addition of tetracycline. Tetracycline sensitivity was 
evident at 0.001 //g/ral. These experiments suggest that stimulation and 
suppression of the TRES is highly controllable in Sf21 cells. 

To determine whether the two TRES components could function in the 
genome of AcMNPV pAPlOT was first inserted .into AcMNPV as 
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described above. A recombinant virus, vAPlOT, was subsequently 
produced. Luciferase activity was stimulated by coinfection of pTRE-Luc 
with the tTA-expressing virus, vAPlOT. The greatest stimulation was 
observed when vAPlOT was infected at an m.o.i. of 0.1. The reduced 
luciferase activity appearing at lower (m.o.i. « 0.01) or higher (m.o.i. = 1) 
viral concentrations were likely the results of either fewer cells being 
infected (lower m.o.i.) or rapid virus-induced cell death (higher m.o.i.). 

The best activation ratio, a 91-fold stimulation, was observed by using 
pTRE-Luc at a concentration of 0.2 ^g/well. The stimulation of luciferase 
expression, conferred by transfection of pTRE-Luc and subsequent 
infection with vAPlOT, was inhibited by the addition of tetracycline. This 
inhibition exhibited repression kinetics similar to the repression conferred 
by the cotransfection by the two corresponding plasmid components. 

The synthetic TRE-CMVmin promoter was inserted into the 
baculovirus transfer vector pAcUM21 as described above to yield pAPtcmL 
and the resulting recombinant virus vAPtcmL. Unexpectedly, once 
inserted into the virus, the luciferase was highly expressed with or without 
coinfection with vAPlOT. Further treatment with tetracycline did not 
repress luciferase expression, suggesting that expression of luciferase from 
vAptcruL is not activated by the tetracycline responsive expression 
mechanism. 

To examine the mechanism of strong luciferase expression in the TR£- 
CMVmin promoter-containing virus, several promoter were constructed to 
determine their ability to activate the luciferase gene without tTA 
stimulation. These promoters were the full-length CMV promoter (in 
pAPcL), the p)Q promoter of AcMNPV (in pAPlOL), the CMVmin 
promoter (in pAPccml). All promoters were inserted into pAcUW21, a 
plasmid containing lateral fragments flanking the polyhedrin gene of 
AcMNPV. In addition, to these four constructs, pTRE-Luc (ClonTech) 
was used as a control. 
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pAPcL exhibited no promoter activity by cither transaction alone or 
coinfection of wild type AcMNPV. The second construct, pAP 10L, also 
exhibited no promoter activity under either condition, probably because the 
plO promoter is a strong late viral promoter which requires the expression 
of other viral products. The third and fourth constructs, pAPcrnL and 
pAPtcmL, had exhibited only very low promoter activity when transfectcd 
alone, but were strongly stimulated when the corresponding recombinant 
virus was used in cofections. These results suggest that the CMVmin 
promoter, with or without a TRE element, is strongly stimulated by viral 
factors. However, the full-length CMV promoter was not expressed in 
insect cells under any condition used. 

Transfer vector plasmids containing full-length CMV, TRE- CMVmin, 
CMVrnin, and plO promoters were used to construct recombinant 
AcMNPVs: vAPcL, vAPtcmL, vAPcmL, and vAPlOL, respectively. The 
activity of several groups of independently isolated recombinant virus 
strains containing different promoters were tested at 72 hours post-infection 
at an m.o.i. of 10, The lucifcrasc activity of all three vAPcLs was low, 
ranging between 1.6 - 2.0 x 10 4 RLU///g protein, whereas the activity of the 
other recombinant baculoviruses containing other promoters was high. 
Luciferase activity of all three recombinant vAPtcroLs ranged between 3.5 - 
3.7 x 10 6 RLU//ig protein- All four recombinant vAPlOTs ranged between 
6.5 - 7,7 x 10 6 RLU//ig protein. These results showed that the activity of 
the full-length CMV promoter is approximately 200-fold lower than that of 
the CMVmin promoter- containing viruses. 

The CMVmin promoter-containing viruses induced luciferase activity 
to a level similar to that expressed by the plO promoter. Further, these 
results suggest that the higher promoter activity exhibited by the CMVmin 
promoter are not limited to only some of the CMVmin promoter-containing 
recombinant viral isolates. Accordingly, one recombinant virus in each 
promoter construct was selected, and time course studies of promoter 
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expression were performed 

The time course of promoter expression in recombinant viruses 
carrying different promoters was studied by exarnining expression of two 
detectable proteins: luciferase and EGFP. The activity of both proteins 
was first detected at 4 hours post-infection for recombinant viruses 
containing the CMVmin promoter (viruses vAPtcmL and vAPcraL for 
luceriferasc, and vAPcmE for EGFP). The luciferase and EGFP activities 
of these viruses increased noticeably at later times and platcaucd at 48 hours 
and 36 hours post-infection, respectively. Virus vAPcL, which contains 
the full-length CMV promoter, expressed luciferase approximately 200-fold 
less than did the vAPtcmL and vAPcmL viruses, an indication that the full- 
length CMV promoter is only weakly functional in the genome of 
AcMNPV. 

The recombinant virus vAPlOL, which contained the plO promoter, 
behaved differently than the viruses described immediately above. The 
activity of the luciferase ad EGFP expressed via the plO promoter were first 
detected at 8 hours post-infection and reached a plateau at 48 hows post- 
infection or later. Although the maximal luciferase and EGFP activity 
expressed by the plO promoter-containing viruses was about 2-fold 
(luciferase) and 16 fold higher (EGFP) than those expressed by the 
CMVrain promoter-containing viruses, the latter expressed luciferase or 
EGFP much earlier after infection. 

The luciferase expressed by the CMVmin promoter-containing viruses 
was greater than that of vAPlOL during the first 36 hours after infection. 
During this period, the CMVmin promoter-containing viruses expressed by 
the plO promoter-containing viruses, except that CMVmin-driven 
expression occurred 12 hours earlier than pifl-driven expression. 

Western blot analyses revealed that the initial detection time for 
luciferase and EGFP expressed from the CMVmin promoter-driven viruses 
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vAPcmL and vAPtcmE was observed at 12 hours post-infection. In 
contrast, expression from plO promoter-driven viruses vAPlOL and 
vAPlOE was observed at 24 hours post-infection. At 36 hours post- 
infection, the plQ and CMVmin promoter-driven viruses began to express 
similar amounts of their respective detectable proteins. At 72 hours post- 
infection, the ratio of CMVmin-drivcn expression to pJO-dnvcn expression 
was 1:1.9 for luciferase and 1:3 for EOFP. 

These experiments collectively showed that the foil-length CMV 
promoter is not functional in insect cells or in the genome of the baculovims. 
However and surprisingly, the CMVmin promoter operates strongly in 
insect cells if delivered by viral couifection. 
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3. Claims 

1. A baculovirus comprisbg a genomic DNA molecule which 
comprises a CMV promoter sequence and a sequence encoding an RNA, 
the expression of the RNA being driven by the CMV promoter sequence, 
wherein the CMV promoter sequence comprises SEQ ID NO:l or the 
functionally equivalent thereof. 

2. The baculovirus of claim 1, wherein the CMV promoter 
sequence is SEQ IDNO:l. 

3. The baculovirus of claim 2, wherein the RNA is a non- 
baculovirus RNA. 

4. The baculovirus of claim 3, wherein the RNA is a mRNA 
encoding a non-baculovirus protein. 

5. The baculovirus of claim 4, wherein the protein is detectable. 

6. The baculovirus of claim 5. wherein the protein is luciferase. 

7. The baculovirus of claim )., wherein the RNA is a non- 
baculovirus RNA. 

8. The baculovirus of claim 7, wherein the RNA is a mRNA 
encoding a non-baculovirus protein. 

9. The baculovirus of claim 8, wherein the protein is detectable. 

10. The baculovirus of claim 9, wherein the protein is luciferase. 
II The baculovirus of claim 1, wherein the RNA is a mRNA 
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encoding a non-baculovims protein, 

12. The baculovinis of claim 11, wherein the protein is detectable. 

13. The baculovinis of claim 12, wherein the protein is lucifcrase. 

14. A method of expressing an RNA in an insect cell, the method 
comprising infecting the insect cell with the baculovinis of claim 1. 

15. A method of expressing a non-baculovims protein in an insect 
cell, the method comprising infecting the insect cell with the baculovinis of 
claim 2. 

16. A method of expressing an RNA in an insect cell, the method 
comprising infecting the insect cell with the baculovinis of claim 3. 

17. A method of expressing a non-baculovims protein in an insect 
cell, the method comprising infecting the insect cell with the baculovinis of 
claim 4. 

18. A method of expressing an RNA in an insect cell, the method 
comprising infecting the insect cell with the baculovinis of claim 6. 

19. A method of expressing a. non-baculovirus protein in an insect 
cell, the method comprising infecting the insect cell with the baculovinis of 
claim 7. 

20. A rneihod of expressing an RNA in an insect cell, the method 
comprising infecting the insect cell with the baculovinis of claim 1 1 . 

21. A plasmid comprising a CMV promoter sequence which 
comprises SEQ ID NO: 1 or the functionally equivalent thereof. 
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22. The plasmid of claim 21. wherein Ac CMV promoter 
sequence is SEQ ID NO: 1. 

23 . The plasmid of claim 21 , which further comprises a sequence 
encoding an protein wherein the expression of said sequence can be 
enhanced by said CMV promoter. - 

24. The plasmid of claim 21, wherein the protein is luciferase. 

25. A method of expressing a protein in an cell, which comprises 
transforming the cell with the plasmid of claim 21. 

26. A method of expressing a protein in an cell, which comprising 
transforming the cell with the plasmid of claim 22. 

27. The method of claim 25 or 26, wherein the cell is an insect 

cell. 

28. The method of claim 25 or 26, wherein the protein is 
luciferase. 
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t. Abstract 

The present invention discloses a baculovirus having a genomic DNA 
molecule which includes a CMV immediately-early promoter sequence and 
a sequence encoding an RMA. The expression of the RNA is driven by the 
CMV promoter sequence, which is free of certain sequences present in the 
full-length CMV promoter sequence. The invention also discloses a 
plasmid comprising the CMV promoter sequence which is free of certain 
sequences present in the full-length CMV promoter sequence. 

2. Representative Drawing 
none 
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